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 Abstract 
Cervical cancer is a malignant neoplasm and is the second 
commonest cancer in women worldwide. Despite the 
availability of various treatment modalities, the 5-year 
survival remains poor. Therefore, it is absolutely necessary 
to explore drugs capable of preventing and treating cervical 
cancer. Plant-derived natural products are widely used as 
adjunct to chemotherapy for this type of cancer. Our study 
aims to investigate the effects of acetylshikonin, an acetyl 
derivative, isolated from a Chinese medicinal herb 
Lithospermum erythrorhizon Sieb. et Zucc., a folk medicine 
with a long history of safe use for clinically treating cervical 
cancer in China. MTT assay was used to determine the in 
vitro anticancer effects of acetylshikonin on human cervical 
cancer Siha cells. The expression of caspase-3 and -8 
proteins were determined. Flow cytometry and quantitative 
RT-PCR were performed to detect the expression level of 
Siha cells associated markers and regulatory genes. In Siha 
cell lines, acetylshikonin inhibited cell growth in a 
dose-dependent manner. The preferential expression of Siha  
cells related marker, regulatory genes were also highlighted. 
It arrested the cell cycle by blocking transition from S phase 
to G2/M phase and induced apoptosis of Siha cell through 
activating caspase-3 and caspase-8. In the current study, 
acetylshikonin can be taken as a promising natural lead for 
cervical cancer. 
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Introduction 
Cervical cancer remains the leading cause of cancer 
death among females worldwide. It is estimated that there 
are 473,000 cases of cervical cancer, and 253,500 deaths 
per year (Chung & Lambert, 2009; Kim et al., 2010). 
Cervical cancer is currently ranked as the second most 
common cause of cancer-related morbidity and the third 
most common cause of mortality worldwide (O'Keefe et al., 
2009). Treatment of cervical cancer has typically been 
viewed as surgical with possible adjuvant therapy versus 
initial radiotherapy and platinum-based chemotherapy 
(Yue et al., 2008; Henares, Mizutani, Sekizawa & Hisamoto, 
2008; Kelly et al., 2010). But the combination treatment 
has significant risk of neutropenia, anemia, and 
thrombocytopenia side effects, also result in drug 
resistance. Clinical drug resistance to platinum-based 
chemotherapy is considered a major impediment in the 
treatment of cervical cancer (Dzoyem et al., 2012). Its 
current treatments have a number of undesired adverse 
side effects. 
Chinese medicinal herb Lithospermum erythrorhizon 
Sieb. et Zucc. (Fig. 1A) is a folk medicine with a long history 
of safe use for clinically treating cervical cancer in China 
(Mu, Wei & Liu, 2012; Zhang et al., 2012). Acetylshikonin 
(Fig. 1B), a naphthoquinone isolated from the Chinese 
herb, the dried purple roots of L. erythrorhizon Sieb. et 
Zucc., has been found to possess various biological 
activities, including antibacterial, antipyretic, 
anti-microbial, anti-fungal, anti- HIV, anti-inflammatory, 
anti-tumor and analgesic activity (Fang, Shao, Zhang & 
Wang, 2005; Chung et al., 2005; Kim et al., 2007; Takai, 
Ueda, Nishida, Nasu & Narahara, 2008). It demonstrated 
antitumor effects on human lung adenocarcinoma cell line 
A549, human hepatocellular carcinoma cell line Bel-7402, 
human breast adenocarcinoma cell line MCF-7 and mouse 
Lewis lung carcinoma cell line (Masuda et al., 2003; Singh, 
Gao & Lebwohl, 2003; Staniforth, Wang, Shyur & Yang, 
2004), however the literature relating to cervical cancer 
Siha cells has not been found yet. Cancer is one of the 
major health problems worldwide and its current 
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Fig. 1. Lithospermum erythrorhizon Sieb. et Zucc. (A) and the chemical structure of acetylshikonin (B) 
treatments have a number of adverse side effects. Natural 
compounds may reduce these. Currently, a few plant 
products are being used to treat cancer. Therefore, in this 
study, Acetylshikonin, a natural naphthoquinone extracted 
from Lithospermum erythrorhizon, was undertaken to find 
out if acetylshikonin had any effects on proliferation, 
differentiation and apoptosis of cervical cancer Siha cells, 
and to investigate the possible mechanism on a molecular 
level. 
 
Materials and methods 
Reagents and Materials 
Dulbecco’s modified Eagle’s medium (DMEM)  was 
purchased from the HyClone Co., USA; foetal bovine serum 
(FBS) from Yuanhengshengma Biotechnology Co., Ltd. 
(Beijing, China); trypsin from the Gibco Co., USA (Gibco 
company, USA); and collagenase I and thiazolyl blue was 
was purchased Sigma Chemical Co., USA. Hank solution 
and 0.1mol/L phosphate buffer solution (PBS) were 
purchased from Cell Center of Peking Union Medical 
University. TRIzol reagent was purchased from Invitrogen 
Co., Ltd. Caspase-3 and -8 kit was purchased from Santa 
Cruz Biotechnology (CA, USA). MTT was obtained from 
Sigma Chemical (Sigma, USA). Acetylshikonin and 
hydroxycamptothecin were obtained from National 
Institute for the Control of Pharmaceutical and Biological 
Products (Beijing, P.R. China) and was confirmed by 
high-performance liquid chromatography. All other 
chemicals were obtained from Sigma (St. Louis, MO). Siha 
and Hela cell lines were obtained from Research Center of 
Harbin Medical University (Harbin, China). Cells were 
cultured in DMEM medium (Hyclone, USA) supplemented 
with 10% heat-inactivated fetal bovine serum (FBS) 
(Yuanhengshengma, Beijing, China) at 37°C in a humidified 
5% CO2 atmosphere. 
Viability analysis 
The inhibitory effects of acetylshikonin and total 
naphthoquinones on cell line Siha and Hela were measured 
by microculture tetrazolium (MTT) assay. Cells were 
dispensed in 96-well microculture plates (Nunc, Denmark) 
at a density of 1×105 cells per well. After incubation for 24 
hrs, cells were treated with different concentrations of the 
two sample drugs respectively, the concentrations were 
0.025 μg/ml, 0.05 μg/ml, 0.25 μg/ml for acetylshikonin. 
The absorbance was detected by MTT assay at the 
indicated time points. Inhibition (%) = (1-ODMAT/ODCG) 
× 100%. 
Morphological observation 
Siha cells were dispensed in a 6-well plate (Nunc, 
Denmark) at a density of 2×105 cells per well. After 24 hrs 
cell culture, cells were treated with different 
concentrations of hydroxycamptothecin (HC), and 
acetylshikonin respectively for 24 hrs, the drug-treated 
cells were harvested by centrifugation, resuspended in the 
medium and dripped onto a glass slide. The cells on a glass 
slide were observed under light microscope (Olympus). 
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 DNA fragmentation analysis 
Siha cells (1×106), were collected by centrifugation and 
resuspended in 100μL lysis buffer [1mM Tris-HCl (pH 8.0), 
0.5mM EDTA], incubated for 10 min at 4°C. After 
centrifugation at 12000 rpm for 2 min, the fragmented 
DNA was recovered from supernatant.  20 g/L RNase A 
was added to the supernatant and incubated for 1 hr at 
37°C, followed by 20 g/L proteinase K for 1 hr at 37°C, 
finally by  0.5M NaCl and 50% avantin for 24 hrs at -20°C. 
The suspension was centrifuged at 12000 rpm for 15 min 
and the supernatant was discarded. The pellet was 
dissolved in TE solution [10mM Tris-HCl (pH 7.4), 1mM 
EDTA (pH 8.0)] and fragmented DNA was detected by 
agarose gel electrophoresis. 
Lactate dehydrogenase activity 
Siha cells were dispensed in 24-well plate at a density of 
1×105 cells per well. After 24 hrs cell culture, cells were 
treated with different concentrations of acetylshikonin for 
24 hrs and each well was added 1 μg/ml 
hydroxycamptothecin. The supernatant was collected and 
used for LDH activity analysis according to instruction of 
commercial kit (Boya Biotechnology Co, Shanghai, China). 
Caspase-3 and caspase-8 activity analysis 
Siha cells were dispensed in 6-well plate at a density of 
1×105 cells per well. After 24 hrs cell culture, cells were 
treated with different concentrations of acetylshikonin, 
and hydroxycamptothecin for 24 hrs. Cells were collected 
and washed with PBS and resuspended at a density of 
1×106 cells in lysis buffer, then incubated on ice for 10 
min. After centrifugation at 1200 rpm for 5 min, caspase-3 
and caspase-8 activity in the supernatant was determined 
according to instruction of commercial kit Santa Cruz 
Biotechnology (CA, USA). 
Real-time reverse transcriptase polymerase chain 
reaction (RT-PCR) analysis 
Total RNA was isolated from 1×107 cells that was 
pretreated with different concentrations of acetylshikonin 
and hydroxycamptothecin (HC) using TRIzol Reagent 
(Invitrogen, USA). After incubation with DNase I (Boya 
Biotechnology Co, Shanghai, China) and RNase inhibitor 
(Boya Biotechnology Co, Shanghai, China), 2 μg total RNA 
was subjected to cDNA synthesis in a 20-μl reaction 
volume using ThermoSctipt TMRT-PCR System (Invitrogen 
Co, USA) with oligo (dT)20 primers. 2-μl cDNA aliquots 
was used as templates and amplified with the following 
thermal cycling conditions: denaturation at 94°C for 5 min, 
followed by 35 cycles of 10 s at 94°C, 20 s at 60°C using 
Light-cycler Ⅱ PCR (Roche co., USA). A 76 bp fragment of 
caspase-3 was amplified with primers 
5’-ctggactgtggcattgagaca-3’ and 5’-agtcggcctccactggtattt-3’. 
A 101 bp fragment of actin was amplified  
with primers 5’-cccagcacaatgaagatcaagatcat-3’ and 
5’-atctgctggaaggtggacagcga-3’. The copy number was 
calculated and all the data were normalized to actin. 
Fluorescent signal was captured in the whole procedure to 




Fig. 2. Inhibitory effects of acetylshikonin on Siha and 
Hela cells. Cells were cultured with medium containing 
different concentrations of AS for 24, 48, and 72 h 
respectively and viability of cells was measured by MTT 
method. a: effect of AS on Siha cells; b: effect of AS on 
Hela cells; c: Inhibitory effects of 
hydroxycamptothecin, and acetylshikonin on Siha cells. 
Each value represents as mean ± S.D. (n=3). 
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Western blot analysis 
A cell lysate containing 50 μg of protein was fractionated 
by 12% SDS-PAGE and then proteins were 
electro-transferred onto nitrophoresis membranes. The 
membranes were first rinsed with TBST [20 mM Tris-HCl 
(pH 7.4), 0.15 M NaCl, 0.05% Tween20] and then blocked 
with 5% (w/v) skim milk in TBST for 1 hr at room 
temperature. After being washed  3 times for 10 min each 
in TBST, the blocked membranes were subsequently 
probed for 24 hrs at 4°C with a 1:200 dilution of primary 
antibodies in blotting buffer. After being washed with 
TBST for 3 times, the membranes were subsequently 
incubated for 1 hr at 37°C with a 1:1000 dilution of 
HBR-labelled secondary antibodies in blotting buffer. After 
3 times wash with TBST, brands of protein on the 
membrane were visualized with a Western blotting 
detection kit (Boshide Co, Wuhan, China). 
 
Cell cycle analysis 
Siha cells were incubated with 2.5 mM thymine (cell cycle 
blocker from G1 to S phase) for 18 h. After centrifugation, 
cells were resuspended in DMEM medium supplemented 
with 10% FBS and cultured for 15 hrs. Cells were treated 
with 2.5 mM thymine for 15 hrs again, and washed with 
PBS, then stained with propidium iodide (PI), and analyzed 
by fluorescence flow cytometry (BectonDickinson, USA). 
Cells were further treated with different concentrations of 
acetylshikonin for 24 hrs, and then fixed in 75% methanol 
and analyzed by fluorescence flow cytometry to determine 
cell cycle. 
Results and Discussion 
Proliferation of cervical cancer cell line Siha and Hela 
Acetylshikonin inhibits the growth of Siha and Hela cells 
in a time and dose-dependent manner (Fig. 2). The 
inhibitory effects of acetylshikonin on Siha cells were 
 
Fig. 3. Effect of AS on Siha cells. A. Morphological changes of Siha cells induced by AS. The morphological changes 
were observed under light microscope. a: 0 µg/ml. b: HC 1 µg/ml . c: AS 0.05 µg/ml. (40× original magnification). B. 
Effect of AS on DNA fragmentation of Siha cells - Induction of DNA fragmentation in Siha cells. Treated with AS of 
different concentration. (lane M, marker; lane 1, 0 µg/ml ; lane 2, HC 1 µg/ml; lane 3, AS 0.025 µg/ml; lane 4, AS 0.05 
µg/ml; lane 5, AS 0.25 µg/ml ) C: The effect of AS on LDH-activity of Siha cells. LDH-activity was analyzed according to 
instruction of commercial kit. Each value represents as mean ± S.D. (n=3). *Significant difference from normal control at 
p<0.05. 
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much stronger than that of hydroxycamptothecin, the 
positive control at the same concentration at 24 h (Fig. 2a). 
Furthermore, Siha cells showed significant sensitivity to 
acetylshikonin even at 24 h with inhibitory concentrations 
of 50% cells (IC50) at 0.84 μg/ml and 0.96 μg/ml 
respectively. On the other hand, Hela cells showed lower 
sensitivity to both. Compared to inhibitory effects of 
acetylshikonin on Siha cells the growth of Hela cells was 
only significantly inhibited after 48 h treatment (Fig. 2b). 
Acetylshikonin showed different inhibitory effects to the 
two cell lines, indicating that the anti-tumor activity of 
them had some specificity (Fig. 2c). In this case, the effect 
of acetylshikonin on cervical cancer Siha cells was 
analyzed systematically to explore the mechanism of 
anti-tumor activity and the concentrations of 
acetylshikonin were determined as 0.025 μg/ml, 0.05 
μg/ml, 0.25 μg/ml in the following experiments. 
Apoptosis of cervical cancer cell line Siha 
Siha cells displayed morphological changes, such as 
condensed, round in shape, invagination of nuclear 
membrane and formation of blebs, indicating cell death 
might be caused by apoptosis (Fig. 3A). The genomic DNA 
from Siha cells was subjected to agarose gel 
electrophoresis and a typical DNA fragmentation ladder 
was found, which increased in a dose-dependent manner 
(Fig. 3B). These results demonstrated that acetylshikonin 
inhibit Siha cell growth by inducing apoptosis. 
LDH-activity of acetylshikonin treated Siha cells increased 
in a dose-dependent manner without significant difference 
from control group except for cells pretreated with 0.25 
μg/ml acetylshikonin, further confirm that the inhibition 
on proliferation of Siha cell was apoptosis inducing action 
(Fig. 3C). 
Caspase-3 and Caspase-8 activities and mRNA expression 
After Siha cells were cultured with medium containing 
different concentrations of acetylshikonin for 24 hrs 
respectively, there was a significant increase in the 
activation of caspase-3 and caspase-8 compared with 
normal control (Fig. 4A). mRNA was extracted from Siha 
cells treated with acetylshikonin, then it was 
reverse-transcribed and amplified using caspase-3 specific 
primers. The figures of Ct were reduced and amounts of 
PCR product were significantly increased with the increase 
in concentrations of acetylshikonin. This result suggested 
 
Fig. 4. (A) Effect of AS on Caspase-3 and Caspase-8 activities. Siha cells were cultured with medium containing different 
concentrations of AS for 24 h respectively and the activities were analyzed according to instruction of commercial kit Santa 
Cruz Biotechnology. Each value represents as mean ± S.D.(n=3), *Significant difference from normal control at p<0.05, 
**Significant difference from normal control at p<0.001.  
(B) Expression level of pro- Caspase-3 proteins in Siha cells. Cells were cultured with medium containing different 
concentrations of AS for 24 hrs and cell lysates were separated by 12% SDS-PAGE electrophoresis, then protein bands were 
detected by Western blot analysis (lane l: 0 µg/ml; lane 2: HC 1 µg/ml; lane 3: AS 0.025 µg/ml; lane 4 AS 0.05 µg/ml; lane 5 AS 
0.25 µg/ml). 
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that acetylshikonin induced apoptosis of Siha cells by 
activating caspase family proteinases. The expression level 
of pro- Caspase-3 proteins was down-regulated in a 
dose-dependent manner (Fig. 4B), accordingly the 
expression level of Caspase-3 was elevated. The result was 
consistent with the previous findings that acetylshikonin 
up-regulated Caspase-3 mRNA expression. 
Cell cycle arrest in cell line Siha 
After further treatment with different concentrations of 
acetylshikonin for 24 h, the proportion of cells at S phase 
was increased, and the proportion at G2/M was 
significantly decreased in a dose-dependent manner, 
indicating cells were blocked at S phase. Acetylshikonin of 
0.05 μg/ml and 0.25 μg/ml significantly blocked the 
transition from S to G2/M, with ratios of apoptosis at 
27.8%, and 52.4% respectively, suggesting that 
acetylshikonin inhibited Siha cell growth by arresting Siha 
cell cycle. It was also found that even acetylshikonin 
inhibited their activities on Siha cells in a time and 
dose-dependent manner. Based on system biology 
thinking, it can be considered that the antitumor efficiency 
of total naphthoquinones results from multi constituents 
with multiple mechanisms of action, for complex state of 
cancer, TCM derived multi combinatorial intervention is 
new desirable strategy (Alley et al., 1988; Van der Greef et 
al., 2007; Xiong, Luo, Zhou, Zeng & Yang, 2009), specially 
for overcoming drug resistance of chemotherapy. 
 
Conclusion 
In the current study, acetylshikonin is a promising 
anti-pancreatic cancer therapeutic natural product in the 
future. MTT assay determined the in vitro anticancer 
effects of acetylshikonin on human pancreatic cancer Siha 
cells. Flowcytometry and quantitative RT-PCR were 
performed to detect the expression level of the associated 
cell markers and regulatory genes. Acetylshikonin 
inhibited cell growth in a dose-dependent manner. The 
preferential expression of Siha cells related marker, 
regulatory genes were also highlighted. It arrested the cell 
cycle by blocking transition from S phase to G2/M phase 
and induced apoptosis of Siha through activating caspase-3 
and caspase-8. Acetylshikonin can be taken as a promising 
natural lead for pancreatic cancer. 
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